Abstract
Introduction
Financial sector has important pro-cyclical effects on real economy and the latter lays heavily hopes on the former to function properly. In furtherance of this pro-cyclicality, the global financial crisis of 2008-2009 revealed the severe macroeconomic consequences of the financial imbalances-instabilities. Since the eruption of the last global financial crisis stability of the financial sector issue has been analyzed further for its relevance with monetary policy and is still at the hearth of policy discussion among both policymakers and academicians. The debate essentially revolves around whether the policy rules in a price stability oriented monetary policy framework should be extended to deal with financial stability objectives as of provision of the stability of the asset prices. In other words, the arguments are mainly made for whether the use of monetary policy instruments results in prevention of unsustainable asset cycles e.g., housing boom-bust cycles or not.
Observing the pro-cyclicality of the housing boom-bust cycles on the real activity in the global financial crisis episode, effectiveness of the post-bust policy intervention has been intensively criticized, so that various arguments regarding the integration of prudential responsibilities within the monetary policy function for prevention of financial imbalances have been contributed. Main argument is that the central banks should use the policy rate to prevent the imbalances in the financial sector together with the provision of price stability. Furthermore, it is argued that, using the short-run policy rates, central banks can respond to asset price changes to reduce probability of occurrence of financial imbalances in the future at the expense of deviations from targeted level of inflation and output today. Contrary to this, arguments for separation of monetary and financial responsibilities suggest that financial regulatory authorities should deal with prudential issues to strengthen banking supervision and provide financial stability objectives without taking monetary authority's objectives into account. Asking for a more preventive-proactive policy framework, many countries have adopted some macro-prudential policy instruments as of loan-to-value (LTV henceforth) cap for the sake of prevention of housing bubbles. However, still there is not enough empirical evidence regarding how effective the monetary policy tools are in prevention of these unsustainable financial cycles and how much the effectiveness of those tools differs when some macro-prudential policies are accessorily considered, which is also valid for the case of Turkish economy.
Observing the developments in housing market in Turkey, that is, the simultaneous increase in both house prices and residential investments in the last decade and acknowledging the pro-cyclicality of housing market on macroeconomic fundamentals, the nexus between housing market and macro economy deserves a further investigation. Accordingly, main aim of this paper is to explore the main dynamics of housing variables and the nexus between housing market and monetary-prudential responsibilities for Turkish economy observing those developments in the housing market.
To see the main dynamics of housing variables and how effective the monetary policy tools are in prevention of these unsustainable housing cycles along with how much the effectiveness of those tools differs when some macroprudential policies are accessorily considered, dynamic stochastic general equilibrium (DSGE henceforth) model of Iacoviello and Neri 1 is estimated with Turkish data for a period 2010-2014 using Bayesian estimation techniques. This model provides a detailed description of economy where the housing market is well-defined. The model developed by Iacoviello and Neri is strictly followed in this study without considerable modifications. Accordingly, rigidities in the model economy such as the investment adjustment costs, price rigidity in consumption sector, wage rigidity in both housing and consumption sectors and imperfect competition mechanism are preserved in our study that all together enable us to better observe various business cycle facts of the economy. It is seen from the results that presumptions for a monetary policy regime that produces aggregate price stability will, as a byproduct, tend to promote stability of housing 1 M. Iacoviello and S. Neri, "Housing market spillovers: Evidence from an estimated DSGE model", American Economic Journal: Macroeconomics, Vol. 2, No. 2, 2010, pp. 125-164. markets 2 don't fully hold in our estimation. Given the inflation targeting policy framework aiming at the price stability, it can be argued that the tighter monetary policy along with the existing prudential policy instruments may not result in prevention of further housing "bubbles". From the variance decomposition analysis, it is reached that demand and supply shocks dramatically determine the cycles of the real housing prices and residential investment whereas the monetary policy shocks and shocks in central bank's inflation target do not explain the volatility of real house prices too much. Also, historical shock decomposition analysis shows that demand and inflation target shocks had played an important role in generating the variance of policy rate and shifts in the monetary authority's inflation target have contributed to volatility of nominal interest rate. Besides, sensitivity analysis reveals that tighter macro-prudential policy rules with a lower loan-to-value ratio do not significantly change the volatility of the housing variables.
The paper is organized as follows. Section 2 provides a literature review. Section 3 briefly introduces the benchmark model. Then, in Section 4, the data and estimation procedures are introduced. The results are given in Section 5. In Section 6, some conclusions are drawn.
Literature Review
Regarding the dynamics of boom-bust cycles in housing variables i.e., house prices and residential investments through their integration with monetary policy rules and macro-prudential responsibilities, it arises that the literature primarily hashes out two related challenges: of so-called "lean versus clean debate" and of how to integrate housing and asset prices into monetary policy function 3 .
Arguments on these two debates revolve mainly around how aggressive monetary authorities should respond to the asset price bubbles and differ mainly in two groups as Bernanke 4 conceptualized with lean-against-the-bubble strategy with a more moderate policy action where central banks use monetary policy to target the economy, not asset markets and aggressive-bubble-popping with a more activist policy framework where central banks raises policy rates proactively to eliminate potential bubbles in asset prices. Bernanke finds proactive approach to bubbles as problematic and states that if we intend to use monetary policy as the instrument, monetary authority cannot reliably identify bubbles in asset prices and even if it could identify real estate booms, monetary policy is too blunt a tool to use effectively against them. Concerning the precrisis episode, along these lines, main policy tenet in most economies was defined as waiting for the bust and fixing distortions rather than attempt- ing to prevent the bubbles. Two assumptions are made in provision of such a policy framework: the assumption that it is so difficult to identify unsustainable booms in real time and that the distortions associated with avoiding from a boom outweigh the costs of cleaning up after a bust 5 . In a similar vein, Bordo et al. state that "despite the influence of regulation and other institutional factors…a monetary policy regime that produces aggregate price stability will, as a byproduct, tend to promote stability of financial system"6.
However, observing a bust cycle of global financial crisis of 2008-2009 that triggered a deep recession episode, effectiveness of a post-bust policy intervention on prevention of emerging costs has been intensively criticized. Main argument is as stated by Otaviano and Cavallari 6 that "confidence in combining inflation-targeting-cum-flexible-exchange-rate regimes with isolated micro-prudential regulation as a way to guarantee both macroeconomic and financial stability has been shattered by the scale and synchronization of the asset price booms and busts that preceded the global financial crisis". After the great recession it is extensively believed that "if monetary policy authorities and prudential regulators are to succeed in achieving stability, there can be no complacency regarding asset price cycles"8.
In contrast to policy tenet defined above, Borio and Lowe 7 mainly argue that financial imbalances can arise in a low and stable inflation policy environment and suggest that despite to the difficulties in foreseeing of financial imbalances ex ante, historical boom-bust cycles provide some evidence in favor of useful measures to show that monetary policy can also respond to such imbalances and that cooperation between monetary and prudential authorities is essential. Blanchard et al. 8 state that the policy rate is a poor tool to deal with many financial system imbalances, such as excess leverage, excessive risk taking, or apparent deviations of asset prices from fundamentals. They argued that a higher policy rate to deal with excessively high asset price will result in cost of a larger output gap leading the central bank to face a difficult task of a trade-off within its traditional policy framework. Hence they argued that macroprudential policy as of a rule on LTV ratio can be defined to address specific financial system imbalances. Besides, Quint and Rabanal 9 monetary policy is too blunt of an instrument to address the imbalances within financial sector or overheating in one sector of the economy i.e. housing sector.
Macro-prudential policy is not a new concept in reconsideration of the financial imbalances regarding its instruments, objectives and relations with the monetary policy, but has been more emphasized in the post-crisis episode. Crockett12 marks out precisely micro-and macro-prudential dimensions of financial stability referring broadly macro-prudential objective as limiting systemic risk and micro-prudential one as limiting idiosyncratic risk of individual institutions.
In the pre-crisis episode, despite the remarks on emphasis of the macroprudential objectives as pointed out above, there was still not a literature on macro-prudential policy that is close arriving at a consensus regarding the objectives due a considerable extent to the fundamental lack of understanding of systemic risk and pro-cyclicality of financial system. The financial crisis has emphasized the need for a new macro-prudential policy framework to prevent the build-up of systemic financial risks. Accordingly, in the post-crisis episode, asking for a more preventive-proactive policy framework, macro-prudential policy tools have been reconsidered to reduce the risks-imbalances related to real estate sector. Hence forth, many countries have made provisions against financial imbalances by defining new institutional arrangements or improving the existing ones. The LTV rule as a macro-prudential instrument to fill the policy gap comes first among the policy instruments in reducing systemic risk resulted from boombust cycles in housing markets. LTV ratio that directly limits risky lending by a restriction on borrowing upon the value of the housing assets enhances resilience to risks from real estate sectors. In discussion of housing finance systems in emerging and newly industrialized economies, in IMF report 10 it is shown that LTV ratios on new loans in the name of restraining booms in mortgage credit and real estate prices or increasing resilience to occurrence of bust episode, vary widely across countries and that in the pre-crisis episode, a number of Asian (emerging) countries had used LTV caps, while implementation of LTV limits in advanced economies has been relatively rare, introduced after the onset of global financial crisis. Empirical evidence shows that many countries-both industrialized and emerging-have adopted this policy instrument in the postcrisis episode 11 .
In Gelain and Lansing 12 , some monetary and macro-prudential policy instruments are analyzed for exploring their contribution in reducing excess volatility of housing prices in a DSGE model. In evaluation of the policy tools, they point out that an interest rate rule of the central banks that responds to either house price booms or credit expansion provides some benefits. Additionally, under such policy tools, infla- tion volatility improves, which is essentially very contrary to the inflation-targeting policy framework. Regarding the macroprudential policy they implement the LTV rule and state that a reduction in the LTV ratio from 0.7 to 0.5 substantially reduces the volatility of house prices, but output volatility is magnified. In a similar vein, Rubio and Carrasco-Gallego 13 consider a macro-prudential rule on the LTV rate that responds to credit expansion in reconsideration of the impact of monetary and prudential policies on the business cycles and welfare and find that the macro-prudential authority that uses a lower ratio of LTV cap can moderate the credit bubbles in the name of provision of financial stability.
The Model
The model developed by Iacoviello and Neri17 is used in this paper as the benchmark model without a worth-mentioning modification. It is a new Keynesian dynamic stochastic general equilibrium model and it can be regarded as a medium-scale one. Because of lack of space we describe the basic structure of the model economy in this paper without giving a detailed explanation of model equations. For mathematical derivations for the equations of the model the original paper of Iacoviello and Neri 14 can be referred. Figure 3 .1 shows the basic structure of the model and the channels through which the agents in the economy interact with each other.
The modeling economy features two sectors -housing and non-housing (or consumption goods) sectors-, heterogeneity in households' discount factors and collateral constraints tied to the housing prices. There are two types of households: patient ones as the lenders and impatient ones as the borrowers. Patient households consume, work and accumulate housing. They supply funds to firms and to impatient households and own the productive capital in the economy. Impatient households consume, work and accumulate housing. However, due to their relative impatience, impatient households accumulate only the required "net worth" to finance the down payment of their home. As shown in Table 3 .1, both patient and impatient households supply their (homogenous) labor services to hypothetical labor unions. Assuming some monopoly power over nominal wages the labor unions transform labor unions into differentiated labor inputs and sell these labor inputs to the firms. This assumption introduces the wage rigidity into the model à la Calvo 15 to prevail in both consumption and housing sectors. Besides, financial frictions are defined in the model economy through borrowing constraint on the impatient households, which determine the maximum 14 M. Iacoviello and S. Neri, "Appendix E: Mathematical Derivations for the equations of housing market spillovers: Evidence from an estimated DSGE model", https://www2.bc.edu/matteo-iacoviello/research_files/NERI_APPENDIX_E.pdf, Accessed (7 july 2015).
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G. Calvo, "Staggered prices in a utility-maximizing framework", Journal of Monetary Economics. Vol. 12, 1983, pp: 383-398. amount they can borrow from the patient households. In this borrowing constraint, LTV ratio is introduced as the macro-prudential policy instrument. As stated by Gerali et al. 16 policy implication of this rule is that when the economy is exposed to an excessive credit growth, a lower LTV ratio is determined, which results in collateral constraints to become tighter. Another (microeconomic) implication of the rule is that can be defined as the proportional cost of the collateral re-possession for the patient households who own the loans in the case of possible default of impatient one.
Regarding the production side of the economy there exist two sectors, that is, non-housing or consumption goods and housing sectors with two different technologies. The non-housing sector uses capital and labor to produce consumption goods and business capital. The housing sector produces housing services combining business capital, labor and land. Besides, in the modeling economy, there is the assumption of price rigidity in the consumption sector but flexible price mechanism in housing sector. As shown in Figure 3 .1, price stickiness is introduced by assuming monopolistic competition at the retail level, so that retailers purchase goods from the wholesale firms in a competitive market and transformed into final goods by selling at a markup over the marginal cost.
There exists also a monetary authority in the model economy, not denoted in Figure 3 .1. The modeling economy is assumed to follow an inflationtargeting policy regime in which the central bank sets the policy rate that responds to inflation and output gap. The implication is that the central bank changes the nominal interest rate in response to the deviations in inflation from its steady state level and the deviations in total output from the natural level. Besides, central bank takes previous value of nominal interest rates into consideration in determining the current nominal interest rate. It is also assumed that there are linear deterministic trends in the technologies in the consumption, residential and business investment sectors, in turn determine the growth rates of these variables as well as that of house prices.
Using a rich set of shocks to the model economy it is aimed to explicate the main dynamics of the housing sector, understand the nexus between housing variables and monetary policy for case of Turkish economy and see whether introducing a macro-prudential instrument -LTV rule in our case -makes any difference when some shocks hit to the economy. 
Data and Estimation
The model is estimated using quarterly data from the first quarter of 2010 to the last quarter of 2014 where the observable variables are real consumption, real residential investment, real non-residential investment, real house prices, inflation, nominal interest rate, worked hours and wage inflation in housing and in consumption sectors. Due to the limited availability of data for price index in housing sector for Turkey, a relatively short length of sample period for estimation is determined. However, while this sample period is obviously shorter than a desired one, observing the studies with similar sample length 17 , the aforementioned sample period is considered as elucidative in estimation of the parameters.
Following the literature, some standard transformations are defined to make the data series consistent with the corresponding model variables. Corresponding data sets are taken from the database of Turkish Statistical Institute (TurkStat) and Central Bank of Turkey (CBT). The data sets for final consumption expenditures, construction production and gross fixed capital formation are expressed in per capita terms, deflated by CPI inflation and transformed into logarithmic form to have series for consumption, residential investment and business investment respectively. For real house prices, the new housing price index is used and deflated by CPI inflation. To have series for hours in housing sector and consumption sector, total employment data is divided by labor force, demeaned. For inflation data CPI inflation is chosen, demeaned. For nominal short-term interest rate, the one week repo rate is chosen, demeaned. Lastly, to have wage inflation in housing and consumption sectors, data sets for quarterly changes of gross wage-salaries index in construction sector and total industry are used, demeaned respectively.
The model is richly parameterized where some of the parameters are calibrated, some are determined in accordance with their steady state values and the remaining is estimated. Steady state values are given in Table 4 .1 and calibrated parameters are given in Table 4 .2. In order to determine the structural parameters, the literature is strictly followed. Following Alp and Elekdağ 18 , discount factor of patient household is determined at this rate, which gives a steady state annualized real interest rate of 3% as shown in Table 4 .1. Inclusion of a different value for the discount factor of the impatient household does not create important effects on the dynamics of the model economy, but it does generate a binding borrowing constraint in equilibrium for impatient household by guaranteeing a large enough impatience motive for these agents 19 .
Depreciation rate in the housing sector is taken as 0.0125 so that 5% is the annual depreciation rate of the housing stock. This parameter along with the weight on housing in the utility function gives a ratio of the residential investment to total output at around 6% given in Table 4 .1. This ratio is close to share of housing in total output in data for Turkey. Similarly, the depreciation rate in the capital in the consumption sector and capital in the housing sector are set equal to 0.035 and 0.03, respectively 20 . It gives that the construction machinery has slightly longer life time (which demonstrates an annual depreciation on capital at 12 percent) than the non-residential equipment (which gives an annual depreciation rate of 14 percent). This is also supported by Yeldan and Kolsuz 21 . Considering the parameter related to macro-prudential policy tool, the LTV ratio on (mortgage loans) is set at 0.75, determined by Banking Regulation and Supervision Agency (BRSA) in Turkey in 2010. The parameters for the steady state rate of mark-up in the price and wage settings are calibrated since these parameters are difficult to estimate. Lastly, the correlationpersistence of the inflation objective shock is set at 0.95. A high value for demonstrates low-frequency movements well in inflation. Still, a slightly lower parameter compared to the one in benchmark model is determined given the historical phases of inflation in Turkish economy. In determination of the prior distributions, their means and standard deviations, the literature is closely followed, so that gamma distribution is assumed for positive parameters; the beta distribution is assumed for the parameters which vary between 0 and 1; inverse gamma distribution is assumed for the standard errors of shocks and normal distribution is chosen for the remaining. The values regarding the choice of prior distributions, the means, standard deviations and degrees of freedom of the estimated parameters, being consistent with previous studies, are given in Table 5 .1. Specifically, regarding the monetary policy rules, the interest rate smoothing coefficient is set at 0.7 and the priors on responsiveness of the standard Taylor rule to inflation, output gap are determined at 1.4 and 0.25, respectively, following Alp and Elekdağ 22 . Since the central bank's main policy objective is the provision of price stability, a higher value for the response to inflation is determined relative to that for output gap. The prior means of both the Calvo-type price and wage parameters are set at 22 Alp and Elekdağ, Ibid. 0.5 which are close to the estimates of Çebi 23 . Also, following Smets and Wouters 24 the prior means for the indexation parameters are set at 0.5.
In Table 5 .2, the values for choice of prior distributions for the persistence parameters and standard deviations belonging to the stochastic processes are given. Accordingly, the shock persistence parameters are set with a mean of 0.80 and a standard deviation of 0.10. Also, being close to the previous studies and observation sample, the prior means for the standard deviations of shock processes are given.
In estimation of the parameters of model, Bayesian estimation techniques are applied following An and Schorfheide 25 and Schorfheide 26 . In this study we use the Metropolis algorithm. We linearize the equations of the model economy to describe the equilibrium conditions around the balanced growth path. Given the parameter values, the solution of the set of equations is defined in the form of a state-space model, so that the likelihood function is obtained. The model is solved numerically using the toolbox Dynare over MATLAB.
Results
In this section we discuss the results of the estimation over the posterior estimates of the model parameters, followed by the impulse response analysis, variance and shock decomposition analysis and sensitivity checks. In Table 5 .1 and 5.2, the posterior means and their 95% confidence intervals for both structural parameters and shock processes are given. These tables report the posterior means of the estimated parameters where draws from the posterior distributions are obtained with the Metropolis-Hastings sampling algorithm based on a total sample of 500,000 draws.
From the posterior kernel density estimates for estimated parameters and shock processes, it is seen that the sample period is quite informative in estimation of the parameters though it is obviously shorted than desired one. Still, comparison of the parameter estimates with previous studies can be less elucidative than desired due to certain reasons. One is that the structural features of the economies studied may differ. Also, sample period and choice of time series may differ across studies. Another reason is the modeling differences in these studies i.e., use of a different monetary policy rule 27 . The posterior estimate of the habit persistence in consumption for both patient and impatient agents is found around 0.5, implying a moderate degree of consumption smoothing patterns of both agents. The degree of habits in consumption is lower than the estimates of some other studies, e.g., Alp and Elekdağ 28 who find a higher degree of habit formation in consumption patterns of households in their study for the case of Turkey.
The posterior estimates of the parameters on the monetary policy rules coincide with the previous evidence. First, it is found that estimate of the interest rate smoothing parameter in Taylor-type policy rule is slightly below of 0.70. Second, the estimate of the inflation weight parameter in Taylor rule is around 1.55. Third, the estimate of the output gap parameter is around 0.25. These coefficients regarding the responsiveness of the policy rates coincide with the other findings as of Smets and Wouters 29 . Thus, given that the primary goal of the Central Bank of Turkey is the price stability within an inflation-targeting policy framework, the estimates of a higher response to inflation gap relative to output gap are in line with the empirical evidence. Also, a relatively high estimate of interest rate smoothing parameter implies that the Central Bank takes the past values of the nominal interest rates into consideration in determining the current level of nominal interest rate.
The posterior estimate for the elasticity of work effort in terms of the real wage for the patient households is around 0.65 and for impatient households is around 0.67, being close to previous studies. Thus, the inverse Frisch elasticity of labor supply gives reasonable wage elasticity for the labor supply, implying a disutility of working around 1.5. Besides, the estimated parameter for the inverse elasticity of substitution across hours in the two sectors for patient and impatient agents is found around 1 in which the former is slightly higher. As stated above, when this parameter is higher than zero, then it is allowed for some degree of sector specificity where the relative hours worked respond less to wage differentials across two sectors. Also together with the elasticity of work effort they imply less than perfect labor mobility across housing and consumption sectors.
In consideration of the nominal rigidities -the Calvo-type parameters in price and wage settings, it is found that the estimate of the Calvo parameter for price settings is around 0.60, which implies that the prices are adjusted for every 2.5 quarter on the average. Thus, in terms of the price rigidity, it is relatively low. It coincides with the empirical study of Özmen and Sevinç 30 (2011) who explore the price rigidity in Turkey using a micro-level data. Their results suggest that in terms of price stickiness, it is low in Turkey. Additionally, they argued that there exists a mixed pricing strategy which is a combination of state and time dependent pricing and there is great heterogeneity across groups in Turkey, Thus, a reliable comparison of the results for 28 Alp and Elekdağ, Ibid. this parameter with the other studies in literature is difficult. Also, the estimates of the Calvo-type parameter in wage settings in consumption goods sector and housing sector are 0.56 and 0.35, respectively, implying that the wages in consumption goods sector are adjusted for every 2 quarters and the wages in housing sector are adjusted for every 1.5 quarters on the average. Thus, for the wages, it is found that the stickiness in the housing sector is less than the consumption sector. It is also found that the elasticity of indexation to previous period's inflation is more than 0.5. The parameters regarding the degree of indexation of wages to previous period in goods and housing sectors are around 0.4 and 0.50, respectively, which implies a higher degree of indexation in housing sector. This set of parameters implies that the -both wage and new Keynesian -Phillips curves have backward looking components at a significant rate. Regarding the history of high inflation periods in Turkey, the backward looking behavior of wage and price inflation is meaningful 31 .
In consideration of the technological progress for different sectors, it is found from posteriors that there is a high rate of technological progress in the production of business investment goods, followed by the technological progress in housing goods, which is slightly higher than those in consumption goods, which together determine the long-run features of the economy. Accordingly, there is a slow rate of productivity increase in consumption and housing sectors compared to business investment sector. In Table 5 .2, the posterior means for the persistence parameters and standard deviations of shock processes are given. It is seen from the estimated parameters that all shocks are quite persistent that lie within a range of 0.82 for the shock to labor supply and 0.94 for the shocks to technological progress in goods sector. Observing the estimates of the standard deviations of the shocks it is seen that the volatility of the shocks are quite small in general except for the case of the housing demand shock and for the case of the innovations in stochastic processes in inflation targeting regime. The latter estimate is actually in line with the empirical evidence for Turkey given the frequent changes in the inflation target of the Central Bank for the observation period of 2010-2014. In discussion of the housing sector dynamics, the persistence parameter for the shock to housing preference is 0.90 together with a quite high standard deviation of 0.07. Also, shocks to technological progress in housing sector are also persistent but less volatile. Lastly, it is estimated that the standard deviation of the measurement error for the hours and wage inflation in the housing sector is high for the case of labor supply and low for the case of wage income. Regarding the exploration of the nexus between the housing cycles and monetary and macro-prudential policy rules, an analysis over the impulse response functions is carried out. First, an inverse policy shock raising the nominal interest rates is given to economy. Second, a housing preference shock is given to the economy, which may enable us to see how it creates housing collateral effects on the business cycles. Third, technology shocks on housing sector are given to economy. Beside to these shocks, an inflation target shock is considered. In the baseline model, the macro-prudential policy rule of LTV ratio is set at 0.75. Figures below denote the responses of real consumption (data_CC), real business investment (data_IK), real residential investment (data_IH), real GDP (zata_GDP), real house prices (data_QQ) and the nominal interest rate (data_RR) to abovementioned shocks. The term (zata_GDP) denotes domestic demand excluding government purchases and it is not among the observable variables and determined as a function of the components of the aggregate demand i.e., consumption, business and residential investments. The Figure also reveals that all components in the aggregate demand side are adversely affected by the shock where the consumption substantially responds to the shock followed by the real business and residential investments. The former drops around 9 percent and remains below its baseline level for about 6 quarters whereas the responses of real business and residential investments are less persistent. The reason for the aforementioned high response of consumption to the monetary policy shocks can be attributed to the existence of nominal rigidities and collateral effects on constrained households that are generated through the financial frictions -relatively tighter LTV ratio. Besides, since the model does not take the collateral constraints and financial frictions into account on the side of the firms, there exists a marginal response of both the real business and residential investments to the adverse monetary shocks that prompt the nominal rate of interest. As stated by Iacoviello and Neri 32 , the collateral effects slightly reduce the sensitivity of investment to these monetary shocks, because unconstrained households shift loanable funds from the constrained households towards firms -as unconstrained agents -in order to smooth their consumption. Additionally, since it is found from the posterior estimates that the wage rigidity in the housing sector is lower than non-residential sector, it can be expected to have less interest rate sensitivity of the residential investment compared to real business investment.
Eventually, from the impulse response analysis over the monetary policy shocks, it is seen that presumptions for a monetary policy regime that produces aggregate price stability will, as a byproduct, tend to promote stability of housing markets and the financial system e.g., Bordo et al. 33 , don't fully hold in our estimation. Given the inflation targeting policy framework aiming at the price stability as in the case of Turkey, it can be argued that the tighter monetary policy along with the some prudential policy instruments may not result in prevention of a housing "bubble". Figure 5 .2 denotes the effects of a positive housing demand shock. As seen from the Figure, by creating new demands towards housing, a positive preference shock substantially raises the real house prices which remain above its baseline level for long periods. The estimated autocorrelation of 0.90 for the housing preference parameter contributes the long-lasting increase in house prices. The increase in the demand for the new houses in turn causes residential investment to increase as well. Since a LTV ratio is introduced in the credit constraint, fluctuations in the prices in housing market affect the borrowing capacity of households. Accordingly, a positive housing preference shock increases the value of the housing assets as the collateral of the constrained agents, which increase the borrowing capacity of those agents. As observed from the Figure, this increases borrowing and consumption of the agents in total.
In consideration of the response of residential investments, it is observed that though the housing demand shock results in an increase in real house prices of more than 10 percent, the real residential investments rise at a much lower rate. As stated before, in the model economy, it is assumed that there are flexible prices in the housing sector and that wage rigidity in the housing sector is low, which in together can be the explanatory instruments for response of the construction of new homes being less sensitive the housing demand shock. Overall, there exist significant effects on the real output where the housing preference shock contributes a significant and long-lasting increase in real GDP. Figure 5 .3 plots the responses to positive technology shocks in the housing sector which result in a rise in the real residential investments. Housing technology shock also leads the real house prices to drop and remain below its baseline persistently, which can be attributed to the fall in the unit cost of production of construction services. Besides, as a response to positive technology shock, the hours worked in the construction industry rise and the hours in the goods market do not shift-not given in the Figure. In the monetary policy rule, a stochastic process introduced to implicitly model deviations of inflation from its targeted level which may arise due to shifts in the monetary authority's inflation target. Accordingly, Figure 5 .4 shows impulse responses to a shock to the central bank's inflation target that increase the inflation objective there exists a persistent rise in the nominal interest rate and inflation -not given in the Figure. Also, all components of aggregate demand -real consumption, real residential and business investments -increase. However, those effects vanish after around 5 quarters once the nominal rigidities are compensated. Regarding the effects of the positive inflation objective shocks on the real house prices, it is seen that deviations of inflation from its targeted level when the central bank shift its inflation target cause the housing prices to rise and remain above its baseline level for around one year. To consider the dynamic features of the model further, variance, shock decomposition and sensitivity analyses are made. Accordingly, the asymptotic variances of housing and non-housing variables at the business cycles frequencies are computed which enable us to see the role of each shock, in particular to the housing preference, housing investment and monetary policy rules in producing fluctuations in abovementioned variables. In the Tables below nine shocks to the economy are defined in the model where eps_c shows the technology shocks in consumption goods sector, eps_h shows the technology shocks in housing sector, eps_k shows the technology shocks in business investment sector, eps_j shows the housing demand shock, eps_e shows the monetary policy shock, eps_p shows the cost shock, eps_s shows the inflation target shock, eps_t shows the labor supply shock and eps_z shows the shocks to intertemporal preferences. In Table 5 .3, the variance decomposition analysis is given considering a relatively tighter macro-prudential policy rule where the parameter for LTV ratio is set at 0.75 whereas in Table 5 .4, the variance composition analysis is made for a relatively loose macro-prudential policy rule i.e., the LTV ratio is set at 0.90. Besides, in Figures 5.5 and 5.6, the shock decompositions of real house prices and real residential investment are given where LTV ratio is set at 0.75 observing the implementation of this rule in practice by financial regulators (BRSA) in Turkey. From both Tables 5.3 and 5.4 some important results are reached such that under both tight and loose mac-roprudential policy rules, variance of the real house prices are determined by (productivity) shocks in housing sector to a considerable extent and affected by productivity shocks in consumption sector to some extent. Besides, housing preference shocks and shocks to intertemporal preferences are important for the boom-bust cycles of the real house prices. However, a worthy result is that monetary policy shock and shocks in central bank's inflation target do not explain the volatility of real house prices. They appear to explain around 2 percent of the variance of real house prices. Also, use of a different weight for parameter of the macro-prudential policy rule, i.e., LTV ratio is raised from 0.75 to 0.90, does not change the volatility of the real house prices. We can conclude that demand shocks represented by housing preference and supply shocks represented by the changes in housing technology and in consumption technology in the housing market determine the boom-bust cycles of the real housing prices. In a similar vein, it is found from the Tables 5.3 and 5.4 that variance of the real residential investment is considerably determined by housing (productivity) shocks and by intertemporal preference shocks to some extent. Also, shocks to monetary policy rules do not explain the volatility of the housing investments. Figures 5.5 and 5.6 depict the historical shock decompositions of real house prices and real residential investment during the estimated period of 20102014. Figure  5 .5 depicts the historical shock decomposition of real house prices. Meanwhile, we should note that since the paper is colorless printed the figures 5.5 and 5.6 belonging to shock decomposition analysis are not clearly distinguished hence the original paper is available upon request.
As shown in Figure 5 .5, consumption productivity shocks have mattered for the volatility of real house prices for the sample period by positively affecting the latter. In addition to this, until the mid of 2011 -shown between 0 and 6 in the Figure  - cost-push shocks had played an important role in generating the variance of the real house prices with an adverse effect whereas in the subsequent periods, these type of shocks positively affect the variance of real house prices. Also, as given in the variance decomposition analysis, the housing technology shock has significant effects on real house prices, which can be interpreted such that positive housing technology shocks result in cost of producing housing services in the construction industry to decrease, which is in turn expected to pull down the real house prices. Figure 5 .5 reveals that intertemporal preference shocks appear to generate effects on cycles of real house prices. These shocks have contributed to variance of real house prices by adversely affecting the latter particularly with the early periods of 2011. An interpretation is that the intertemporal preference shocks, e.g. discount shock, result in an increase in consumption on the one side and a fall in the business and residential investments on the other. Accordingly, as shown in the Figure, real house prices was affected adversely, which can be attributed to transition of the preferences from the durable goods to non-durables that in turn reduces the housing demand.
In consideration of the shock decomposition of real residential investments shown in Figure 5 .6, it is observed that housing (productivity) shocks was the leading source for the volatility of real residential investments for all the sample period. Besides, intertemporal preference shocks generated adverse effects on cycles of housing investments. As Stated before that the intertemporal preference shocks as of a discount shock result in an increase in consumption and a fall in the business and residential investments which can make a transition of the preferences from the durable goods to non-durables that in turn reduces the housing demand and thus housing investment. From the Figure it is understood that the shocks to monetary policy rules had minor effects on the cycles of housing investment during the estimated period. Figure 5 .7 depicts impulse response functions to a monetary policy shock with two specifications of the macro-prudential policy rule: one is the tight policy rule where LTV ratio is calibrated to value 0.75 and the other is the loose policy rule where the LTV ratio is set at 0.90.
Main argument is that loan-to-value rules can create financial frictions in the credit and housing markets due to possibility of liquidity constraints for potential borrowers and thus of potential trade-offs between financial stability benefits and economic activity 34 . Accordingly, a LTV rule can reduce the volatility of the house prices but in return for deterioration of the economic activity. 34 Bank of England, "Instruments of Macroprudential Policy", Bank of England Financial Services Authority staff Discussion Paper, no.20, 2011, <http://www.bankofengland.co.uk/publications/Documents/other/financialstability/discus sionpaper111220.p df> accessed (2 july 2015).
In Figure 5 .7, it is examined whether a decrease in the LTV ratio (from a value of 0.90 to 0.75) reduce the volatility of house prices and increase the economic activity. As shown in Figure 5 .7, the response of the model variables for different values of LTV ratio is qualitatively the same but there is some difference in magnitude of these responses, particularly for those of consumption and residential investment. However, considering a monetary policy shock, it is clear that two specifications of the LTV ratio do not have a substantial effect on the real house prices. Similarly, in Figure 5 .8, impulse responses to a housing demand shock are defined with two specifications of the macro-prudential policy rule, which give similar results with the case of a monetary policy shock. Accordingly, considering the housing preference shock, two specifications of the LTV ratio do not have an important effect on the real house prices but give smoother responses for consumption -with a tighter LTV ratio. 
Conclusion
The pro-cyclical behavior of the financial sector on real economy was well-demonstrated by the global financial crisis of 2008-2009 revealing the severe macroeconomic consequences of the financial imbalances-instabilities which denoted itself through a combination of the excessive credit growth and boom episodes in housing variables on the one hand and the loose monetary and weak regulatory policies on the other. Given such a pro-cyclicality of housing markets on macroeconomic fundamentals, still there is not enough empirical evidence regarding the exploration of the nexus between cycles of housing variables and monetary and prudential policy responsibilities, which is also valid for the case of Turkish economy. Accordingly, it is important to analyze how effective the monetary policy tools are in prevention of these cycles of housing variables and how much the effectiveness of those tools differs when some macro-prudential policies are accessorily considered.
Observing the developments in housing market in Turkey, that is, the simultaneous increase in both house prices and residential investments in the last decade and recognizing that the shocks to the economy may result in unsustainable boom-bust cycles in house prices and residential investments that in turn can create unfavorable effects on Turkish economy through e.g., deteriorations in consumption and credit mechanisms, the nexus between housing market and macroeconomy deserves a further investigation. Accordingly, in this paper we examine the existence of a nexus between cycles of housing variables and monetary and prudential policy responsibilities. Besides, in this paper, the main dynamics and driving forces of the housing variables as well as of some macroeconomic indicators are examined.
A Bayesian estimation of a medium-scale closed economy DSGE model with housing sector is made for the Turkish economy for period 2010-2014. In general terms, it is seen that the sample period is quite informative in estimation of the parameters and that business cycle features of the model show a good data fit though it is obviously shorted than desired one. The results show that under a moderate lean-againstthe-bubble strategy, presumption that "aggregate price stability will, as a byproduct, tend to promote stability of financial markets" 35 don't fully hold in our estimation. Given the inflation targeting policy framework aiming at the price stability, it can be argued that the tighter monetary policy along with the some prudential policy instruments may not result in prevention of a housing "bubbles". Also, the variance decomposition analysis reveals that demand and supply shocks dramatically determine the cycles of the real housing prices and residential investment whereas the monetary policy shocks and shocks in central bank's inflation target do not explain the volatility of real house prices too much. From historical shock decomposition analysis, it is seen that demand and inflation target shocks had played an important role in generating the variance of policy rate and shifts in the monetary authority's inflation target have positively contributed to volatility of nominal interest rate with the early periods of 2014 though there had been an opposite relation between these two in the previous periods. Besides, sensitivity analysis reveals that tighter macroprudential policy rules with lower loan-to-value ratio do not significantly change the volatility of the housing variables.
For the future research, it would be interesting to consider the capital flows within an open-economy framework in the model economy, so that dynamics of the financial markets and nexus between housing sector and monetary policy rules can be better understood. Besides, some alternative macroprudential policy instruments can be examined.
